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Abstract 
This paper concentrated on the design of PID controller for air heater temperature control system. It is appeared that  PID 
controllers are utilized in many industrial applications. However, the major problem of PID controller design is how to identify 
the optimal parameters of PID so that the optimal performance of the system can be obtained. Then, this paper proposes the 
Particle Swarm Optimization (PSO) method for tuning optimal PID parameters for the air heater. The simulation results are 
achieved that the PSO optimized PID controller is able to provide an improved closed-loop system performances over the 
Ziegler-Nichols tuning method, and Genetic Algorithm (GA) in the perspectives of transient responses; i.e, the integral of square 
error (ISE), settling time and overshoot. 
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1. Introduction 
The Proportional-Integral-Derivative (PID) controller has been successfully adapted in industrial process since it 
is simply structure and easy design. In addition, this kind of controller is low cost for a services and great 
performances in several control systems. The applications of PID controller are utilized for example self-tuning PID 
controller, fuzzy logic control and others [1,2,3]. The advantage of PID controller is easily operate and good 
stability. However, it still has some weaknesses such as difficulty for tuning the parameters, system with time delay, 
nonlinearity and high-order system model.  
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The structures of PID controller consist the three values of parameters Kp, Ki and Kd. It is the fact that the more 
appropriate of PID parameter has, the more accuracy the controlled system is.Therefore, the appropriate parameters 
obtained by Particle Swam Optimization which is based on tuning of the PID parameters for optimal system are 
necessary to consider. Presently, the tuning method has been proposed by Ziegler-Nichols to identify PID parameters 
while the other tuning methods are developing to advance and intelligent approaches for example Genetic Algorithm 
has been applied to tune PID parameter. However, the results of GA tuning method still provide the slow system 
response with high overshoot and not good in steady state response [2].  
The apparent applications of using the air conditioning system with air heater have been seen in the industrial 
process especially in clothes dryer, food dryer, incubators and others. Those machines use the basic PID controllers 
for controlling the temperature. In order to improve the system performance of the air heater system, thus this paper 
presents the new technique which is based on the particle swarm optimization algorithm to obtain the appropriate of 
PID parameter. The particle swarm optimization algorithm is computational intelligence technique and it has already 
been proved in theoretical researches. In this proposed paper, the simulation results are shown that the PSO 
optimized PID controller is able to provide an improved closed-loop system performances for air conditioning 
system with air heater. 
2. Introduction 
Air heater system modeling: The hot air is generated by the heating machine and a blower that is referred as Fig. 
1. The air heater system modeling is actually in First-Order Plus Time Delay processes (FOPTD) shown in (1). The 
step response of a closed-loop air heater system is shown in Fig. 1. According to the proposed system, the transfer 
function of air heater is as following equation: is given by: 
ܪሺݏሻ ൌ  ௄௘షೞ೅೏ଵା௦்௜  . (1) 
where H(s) is the open loop transfer function, K is the steady state gain, Td is the dead time and T1 is the time 
constant. 
  Fig. 1. Air Heater System;                           Fig. 2. Block diagram of PSO based PID; 
PID Controller: The PID controller is based on three-term parameters which are proportional, integral and 
derivative control transfer function which have been written as following: 
ܩሺݏሻ ൌ ܭ௣ ൅ ௄௜௦ ൅ ܭௗݏ ൌ ܭ௣ሺͳ ൅
ଵ
்಺௦ ൅ ௗܶݏ) . (2)
where KP is the proportional gain, KI is the integral gain, KD is the derivative gain, TI is the integral time 
constant and TD is the derivative time constant. 
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3. Overview of Particle Swarm Optimization 
Particle Swarm Optimization (PSO) is the one of the swarm intelligent techniques, In the idea of PSO, each 
particle in the swarm has the same characteristics and behaviors. However, each particle has a random of the 
position and velocity parameter. The position of particles is explained a possibility that is a solution of the 
optimization problem. The velocity is depended on the set of rules for control dynamics of the particle swam.  
PSO method includes six procedures are followed by:
1. Initialize the number of particles into a swarm with random position and velocity in the defined range. 
2. For every particle, estimate the equate to identified parameters of PID from step response, after that appraise, 
which are fitness function as ܫܵܧ ൌ ׬ ݁ଶஶ଴ ሺݐሻ݀ݐ.  (3) 
3. Refer with particle of fitness function evaluation to compared by pbest and gbest, if situation while rate is 
more than pbest and gbest, after that set same as while rate as Pi=Xi .  
4. For every particle supplanting the velocity and position of the particle accordance with equation (4) and 
another equation (5), it will be narrated. If location of particle is defined range, then we generate new 
location and velocity randomly within the defined range to substitute the present ones. 
௜ܸௗ௞ାଵ ൌ ߱ ௜ܸௗ௞ ൅ ܿଵݎଵሺ ௜ܲௗ௞ െ ௜ܺௗ௞ ሻ ൅ ܿଶݎଶሺ ௚ܲௗ௞ െ ௚ܺௗ௞ ሻ.      (4) 
௜ܺௗ௞ାଵ ൌ ௜ܺௗ௞ + ௜ܸௗ௞ାଵ . (5) 
5. In case the while gbest is not more than last iteration, initialize own swam with randomly location and 
velocity in define range. 
6. In case the maximum iteration reached, peak value is then stop calculation, the latest gbest is the optimal 
PID controller parameters. Otherwise, loop to second step until peak value of iteration will be met. 
4. Simulation Results 
Modeling Dynamic of Air Heater: The transfer function of the air heater system is given by: 
ܪሺݏሻ ൌ  ଻Ǥସଷ଴௘షరǤవఱೞଵାହ଴Ǥସ଼ଷଶ௦  . (6) 
Tuning by Particle swarm optimization: setting the size of swarm is 1000, the max-number of iteration is 1000, 
the dimension of the problem is 3, the inertia weighting is 0.9 and accelerate coefficient (c1 and c2) is 2. 
Table 1. Step response performance of PID controller in the different tuning methods and long-time delay condition 
Tuning Method 
Plus 
Delay 
Time 
Optimal PID Parameters of 
PSO Tuning methods. 
Step response characteristics 
Kp Ki Kd 
Rise time 
[s] 
Settling 
time [s] 
Over 
shoot 
[%] 
Under 
shoot 
[%] 
Plant closed loop ݁ିସǤଽହ௦ - - - 5.7041 24.0255 15.743 13.6469 
Plant with ZN-PID ݁ିସǤଽହ௦ 1.580 9.900 2.475 4.1585 25.7590 28.543 135.645 
Plant with GA-PID ݁ିସǤଽହ௦ 1.650 0.021 3.402 4.5134 24.0858 12.544 83.908 
Plant with PSO-PID 
݁ିସǤଽହ௦ 1.651 0.020 3.399 4.5325 6.8898 0.0942 100.15 
݁ିଽǤଽହ௦ 1.043 0.011 5.085 3.7558 10.356 0 297.45 
݁ିଵସǤଽହ௦ 0.751 0.008 5.229 4.9416 13.559 0 334.01 
݁ିଶସǤଽହ௦ 0.506 0.005 5.26 7.8445 18.871 0 342.78 
݁ିଷସǤଽହ௦ 0.391 0.004 5.899 5.4479 27.53 0 658.73 
݁ିସସǤଽହ௦ 0.322 0.003 5.973 6.1670 42.85 0 727.08 
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Fig 3. Transient response of PID controller tuning methods  Fig 4. Step response of PSO PID controller at long-time delay condition  
Table 1, is shown that settling time of PSO-PID which is 6.89 seconds, is less than GA-PID which is 24.09 
seconds while the overshoot of PSO PID controller is also less than other methods which is only 0.09. The simulated 
results of the step response for the air heater system in different PID controller methods are shown in Fig 3. The 
comparisons of performances tuning PID controller are shown that PSO-PID controller can be generated the perfect 
step response of system which is better than GA and ZN for optimizing parameters of PID controller.  
Air heater temperature control system is consisted heat exchanger, maybe it has changed a time delay of process 
as a result oscillation signal, therefore PSO PID controller is checked long-time delay method for ability in preserve 
performances system. Long-time delay checking has been guaranteed controller to these condition as shown in Fig 
4. When process is increased time delay, it has resulta rise time, for example original process is 6.8898 seconds and 
process plus delay time (40s) is 42.85 seconds, there are different about 6.21 time. However, overshoot isn’t effected 
increasing delay time of process, all of above is shown in Table 1. 
5.  Conclusion 
In this paper, an optimal PID controller has been applied for controlling the  temperature of air heater model. 
PSO algorithm is utilized for tuning optimal identification of Kp, Ki, and Kd parameters of PID controller. 
Simulation results are shown that the performances of PSO method in terms of the integral of absolute error, settling 
time and overshoot is a reasonable and effective method. The proposed approach can achieve the performances by 
compared with the conventional approaches such as Ziegler Nichols and Genetic Algorithm. . Long-time delay 
checking has been guaranteed that controller is prefect and preserves performances system. 
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